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SUMMARY 



An investigation was carried out in the NACA two- 
dimensional low- turbulence pressure tunnel of the 
NACA 66(215 )-2l6, 66,1-212, and 65-J-2 12 airfoil sections 
equipped with split flaps having chords 2 0 percent of 
the airfoil chord. The purpose was to determine the 
maximum- lift characteristics of these low-drag airfoil 
sections with split flaps. All the present tests were 

made at a Reynolds number of approximately 6 x I0 b and 
a Mach number of about 0.15. 

The maximum lift coefficients of these airfoils with- 
out and with flaps are summarized as follows: 



Airfoil section 


Maximum section 
lift coefficient 


Flap deflection 
(deg) 


Without flaps 


With flaps 


NACA 66(215) -216 
NACA 66,1-212 
NACA 65 n -212 


1.56 
l.kl 
l.k9 


2.6l 
2.17 
2.15 



70 

To 



INTRODUCTION 



Extensive tests of split flaps and other types of 
high-lift device used in conjunction with the older 
conventional airfoils have been conducted in wind tunnels 
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and in flight. Because of the data available and 
because of the simplicity of this device, the split flap 
may conveniently be used as a basis for comparing the 
maxirinr. -lif t characteristics of various airfoil sections 
eq.uij.jped with trailing-ed.ee high-lift devices. The 
present investigation was carried out in the NACA two- 
dimensional low- turbulence pressure tunnel to supply 
information on the maximum-lift and pitching -moment 
characteristics of three low-drag airfoil sections with 
split flaps. 

The NACA 66(215 )-2l6, the NACA 66,1-212, and the 
MCA 6S 1 -212 airfoils were equipped with split flaps 

having chords 20 percent of the airfoil chords (0.20c). 
Lift and pitching -moment data were obtained for each 
airfoil for a range of flap deflection from 1|.0° to 70° 

at a Reynolds number of approximately 6 x 10^. Because 
the tests were conducted at a Mach number of approxi- 
mately C.15, the results are believed to be free from 
the effects cf compressibility. 



APPARATUS AND KETH0DS 



The tests were made in. the NACA two-dimensional 
low-turbulence pressure tunnel (designated TDT) by the 
methods described in reference 1. All data have been 
corrected for tunnel-wall effect. The ordinates for 
the airfoils tested are presented in tables I to III. 

The 2-foot-chord models were constructed of 
mahogany with chordwise laminations, and the surfaces 
were painted and sanded until aer ©dynamically smooth. 
The split flaps were simulated by triangular blocks of 
laminated mahogany attached to the lower surface of the 
model. One face of the block was cut to the contour of 
the flap portion of the airfoil lower surface. A 
typical arrangement Is shown In figure 1. 
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RESULTS AND DISCUSSION 



The section lift and pitching -moment characteristics 
for the FACA 66(215)-2l6, 66,1-212, and 65^212 airfoil 

sections are presented in figures 2, 3, and )+, respec- 
tively-. The lift and pit ching -moment characteristics 
of the plain airfoil are included for comparison with 
the airfoils with flaps deflected. A comparison of the 
maximum lift coefficients of the three sections tested 
in the present investigation is given in figure 5, with 
similar data for the NACA 23012 airfoil from reference 2. 
Figure 6 shows the variation of the increment of maximum 

section lift coefficient Ac 7 with flap deflection 

''max 

for the various airfoils. 

An examination of figure 5 shows that higher maximum 
lifts were obtained with the plain NACA 65 ] _-212 airfoil 

than with the plain NACA 66,1-212 airfoil. VJhen the 
flaps were deflected, however, the maximum lift coeffi- 
cients for both airfoils were approximately equal. A 
similar comparison between the two NACA 66-series 
airfoils shows that considerably higher maximum lift 
coefficients for all flap deflections were obtained with 
the 1 6 -per cent -thick airfoil. The increments of maximum 
lift coefficient for this airfoil section were, on the 
nver ago, 3*4- percent higher than the increments obtained 
with the NACA 66, 1-212 "airfoil section. (See fig. 6.) 
The increased maximum lift coefficients for the 
FACA 66(215 )-2l6 airfoil are attributed to the greater 
thickness and consequent increase in leading-edge radius, 
rigure 5 also shows that the maximum lift coefficients 
obtained with the plain NACA 66(215 )-2l6 airfoil at a 

Reynolds number of 6 x 10^ vere approximately the same 
as those obtained from tests of the NACA 23012 airfoil 
of reference 2 at an effective Reynolds number 

of 3-5 x 10°. For most flap deflections tested, the 
values of c, and Ac, (figs. 5 and 6) obtained 

max max 
with the l6-percent-thick low-drag airfoil were higher 
than those obtained with the 12-per cent -thick conventional 
airfoil. 
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RESULTS AMD DISCUSSION 



The section lift and pitching -moment characteristics 
for bhe MCA 66(215)-2l6, 66,1-212, and 65 -,-2 12 airfoil 

sections are presented in figures 2, 3, and respec- 
tively. The lift and pitching -moment characteristics 
of the plain airfoil are included for comparison with 
the airfoils with flaps deflected. A comparison of the 
maximum lift coefficients of the three sections tested 
in the present investigation is given in figure 5> with 
similar data for the MCA 23012 airfoil from reference 2. 
Figure 6 shows the variation of the increment of maximum 

section lift coefficient Ac 7 with flap deflection 

''max 

for the various airfoils. 

An examination of figure 5 shows that higher maximum 
lifts were obtained with the plain MCA 65-L-212 airfoil 

than with the plain MCA 66,1-212 airfoil. When the 
flaps were deflected, however, the maximum lift coeffi- 
cients for both airfoils were approximately equal. A 
similar comparison between the two MCA 66-series 
airfoils shows that considerably higher maximum lift 
coefficients for all flap deflections were obtained with 
the lo-percent-thick airfoil. The increments of maximum 
lift coefficient for this airfoil section were, on the 
average, 34 percent higher than the increments obtained 
with the MCA 66,1-212 airfoil section. (See fig. 6.) 
The increased maximum lift coefficients for the 
MCA 66(215 )-2l6 airfoil are attributed to the greater 
thickness and consequent increase in leading-edge radius, 
figure 5 also shows that the maximum lift coefficients 
obtained with the plain MCA 66(215) -216 airfoil at a 

Reynolds number of 6 x 10^ vere approximately the same 
as those obtained from tests of the MCA 23012 airfoil 
of reference 2 at an effective Reynolds number 

of 3«5 x 10^. For most flap deflections tested, the 
values of c 7 and Ac 7 (figs. 5 and 6) obtained 

max max 
with the l6-percent-thick low-drag airfoil were higher 
than those obtained with the 12 -per cent -thick conventional 
airfoil. 
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SUMMARY OP RESULTS 



The maximum lift coefficients of three low-drag 
airfoils without and with 0,20-airf oil-chord split flaps 
obtained from tests at a Reynolds number of approxi- 



mately 6 x 10° are as follows 5 



Airfoil section 


Maximum section 
lift coefficient 


Flap deflection 


Without flaps 


With flaps 


fdeg) 


M 66(215) -2 16 
MCA 66,1-212 
MCA 6^-212 


I.56 
l.kl 
1.1*9 


2.6l 
2.17 
2.15 


70- 

10 

60 
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TABLE I.- MAC A 66(215 )-2l6 AIRFOIL 

[stations and ordinate s are given 
in percent of airfoil chord] 



Upper surface 



Station 



Ordinate 



Lower surface 



Station 



Ordinate 



0 

.kOl 

.61+0 
1.128 
2,362 
4. 6I4.6 

o.8?3 

10.860 
2k. 879 
29.900 



50.000 

60,0^8 
6b . 067 
70.081 
75 . 087 
80.085 
85 . 075 
90. CS5 
95 . 028 
100.000 



0 

1.230 
l.k8k 
I.858 
2.560 
^.6ok 
k.^-28 
5.ll|.0 
6.276 

8.366 
8.736 
8.98O 
9.O92 
9.060 

8.L96 
7.862 
o.Qkl 
.860 

.6Wj. 
3.395 
2.103 
.913 

0 



0 

.860 

2.638 

5.15i|. 
7.660 
10.162 

15.155 
20.340 

25.121 

30.100 

35.076 

kO.051 

1;.5.026 

50.000 

5I4..975 
59.952 
6k. 933 
69.919 
7k. 913 

'•915 
,925 

89 . 9L.5 

..972 

100.000 



I: 



0 



0 

-1.1 
—i • , . 

-1.6kk 

-2.188 
-2.9^2 

JL'106 

-4.930 
-5.56k 

-6.lj.22 
-6.676 
-6.838 
-6.902 

-6.65)4- 
-6.685 

-6.35k 
-5.802 

4.997 
-k.070 
-3.052 

-2.0L9 

-1.069 

-.281 

0 



L.E. radius: 1.575 
Slope of radius through L.E. ; O.O8I4. 
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TABLE II.- MCA 66,1-212 AIRFOIL 

[stations and ordinate s are given 
in percent of airfoil chord] 



Upper surface 



Station 



0 

.U21. 

. 666 
1.157 
2.395 

9.878 
l4.884 
19.895 
24.909 
29.925 

34.943 
39.962 

£4.981 
50.000 
55.019 
60. 056 
65.0SI 
70.051 
75 . 066 
do. 065 
85 . 058 
90.043 

9=5.032 
100.000 



Ordinate 




2.797 
3.44-1 
3*997 

5-574 
6.112 
6.^22 
6.616 
7.005 

7.093 

7.075 
6.939 

6.66 
6.195 

5.507 
.683 

5.759 
2.770 
1.760 
.79?- 

0 
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Lower surface 



station 



0 

.831+ 

1.343 
2. 605 

5.116 
7.621 
10.122 
I5.II6 
20.105 
25.091 
30.075 

35.057 
4O.O38 

45 . 019 
50,000 

54.981 
59. 964 
64-949 
69.939 
74.934 
79.935 
84. 942 

89.957 
94.978 

100.000 



Ordinate 



0 

-.847 
-1.010 

-1.233 
-1.614 
-2.165 

-2.593 
-2.903 

-3.539 
-3-982 

-4.322 

-4.578 

-4.756 

-4.863 

-4.869 

-4.74.9 
-4.523 

-4.135 
-•3.563 

-2.893 
-2.167 

-1.424 
-.72b 
-.160 

0 



L.E. radius: O.893 
Slope of radius through L.E. : 0.084 
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TABLE III.- MAC A 65-L-212 AIRFOIL 

[stations and ordinate s are given 
in percent of airfoil chord] 



tipper surface 



Lower surface 



Station 



0 

.423 
. 664 

I. 154 
2.301 

II. 878 

7-373 
0.873 

lis.. 379 

19.890 

2c. 006 
29.923 
54*942 

J44.981 
50.000 

55.017 

60. 032 
65 . ol±3 

70.0^0 

75.053 
80.052 

85 . 04 s 
90.033 
95.017 

100.000 



Ordinate 



0 

.970 
I.I76 

1491 
2.058 

2.919 

3-593 
4.162 

5.073 
5.770 
6.300 
6.687 
6.9^2 
7.063 
7 . okl >. 
6.860 
6.507 
6.014 
5.411 
4.715 
3.954 
5.l4o 

2.502 

1.463 
.672 

0 



Station 



0 

1 !5l4.6 
2.609 

5 . 122 
7.627 
10.127 
15.121 
20.110 
25.094 

30.077 
35.058 
40.039 

45.019 
50.000 

54.983 
59.968 

64.957 
69.950 

74.947 
79 . 948 

84.955 
89.967 

94.983 
100.000 



Ordinate 



0 

-.870 
-I.O36 
-1.277 
-1.686 
-2.287 
-2.745 
-3.128 
-3.727 
-4.178 
.4.510 

-4. 882 
-4.926 

-4.854 
-4.654 

-I1.317 
-3.872 

•3.?5i 
-2.771 

-2 . 164 

■1.548 

-.956 

-.429 
-.040 
0 



L.E. radius: O.932 
Slope of radius through. L.E.: 0.084 
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WOOD£W BLOCK- 
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Figure 1.- View showing the MCA 66 (215) -216 airfoil 
with 0.20c split flap deflected 60°. 
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Fig. 
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Fig 




Section angle of attack, a 0 
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Section lift coefficient, c 



figure 7, .- Section lift and pitchlng-moment characteristics for an NACA 66,1-212 airfoil 
with a 0.20c split flap; R, 6 x 10°. Testa, TDT l|2li, 570, 576, 602. 
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Fig. 
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Fig 




NACA 66 (215) -216 



R = 6 x 10 6 (approx. j 



^7 NACA 23012 , 

T Effective R = 3.5 x 10° 
(from reference 2) 

. NACA 66,1-212 

R = 6 x 10 6 (approx. ) 



NACA 65 X -212 



= 6 x 106 (approx.) 
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0 20 ko 60 80 

Flap deflection, 6^ , deg 



Figure 5.- Effect of flap deflectior on maximum section lift 
coefficient for the various airfoil sections. 
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Fig. 6 




NACA 66 (215) -216 
R~= 6 x 10 6 (approx.) 



NACA 23012 A 
Effective R = 3.5 x 10° 
(from reference 2) 



NACA 66 1-212 
R = 6 x 10 6 (approx, ) 



NACA 65 1 -212 
R = 6 x 10 6 (approx. ) 



20 UO 

Flap deflection, 



deg 



Figure 6.- Effect of flap deflection on the increment 
of maximum section lift coefficient for the various 
airfoil-flap arrangements. 



